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Summary
Introduction:  In  rheumatoid  diseases,  hindfoot  arthrodesis  abolishes  pain  and  corrects  defor-
mity. The  choice  between  selective  and  double  arthrodesis  depends  on  whether  the  hindfoot
malalignment  is  ﬁxed  or  not.  Indications  for  surgery  are  well  codiﬁed.  The  various  types  of
arthrodesis  have  never  been  assessed  together  on  a  large  series.  We  here  report  a  series  that
is substantial  in  numbers  and  in  follow-up.
Materials  and  methods:  A  continuous  single-center  retrospective  study  included  patients  with
native hindfoot  inﬂammatory  disease  treated  by  arthrodesis  between  1996  and  2009.
Results:  Around  80%  of  patients  were  followed  up,  for  a  mean  7  years.  Fifty-four  isolated  talon-
avicular  arthrodeses,  14  talocalcaneal  arthrodeses  and  39  double  arthrodeses  were  performed.
96% of  patients  had  rheumatoid  arthritis  and  4%  spondylarthritis.  62%  were  completely  pain-
free at  follow-up.  The  satisfaction  rate  was  91%  and  mean  AOFAS  score  70%.  6%  of  patients
showed symptomatic  non-union,  mainly  associated  with  talonavicular  arthrodesis.  In  22%  of
double arthrodeses  and  11%  of  talonavicular  arthrodeses,  ankle  status  required  surgical  revi-
sion. In  double  arthrodesis,  there  was  no  correlation  between  hindfoot  deviation  and  secondary
deterioration  in  ankle  status.  Talocalcaneal  arthrodesis  was  associated  with  radiologic  hindfoot
varus, both  preoperatively  and  at  follow-up.
Discussion:  Non-union  was  the  main  complication  in  talonavicular  arthrodesis.  The  rate  of  sec-
ondary ankle  surgery  was  signiﬁcantly  elevated  in  double  arthrodesis.  These  ﬁndings  support
Suckel’s cadaver  studies,  which,  in  2007,  reported  early  deterioration  in  ankle  status  in  dou-
ble arthrodesis,  due  to  mechanical  overloading.  Talocalcaneal  arthrodesis  proved  reliable  and
simple, free  of  major  complications  and  with  a  100%  satisfaction  rate.
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Conclusion:  Double  arthrodesis  showed  the  greatest  beneﬁt  in  terms  of  restoring  foot  archi-
tecture, but  was  associated  with  a  higher  rate  of  deterioration  in  ankle  status.  Preventive
double arthrodesis  is  not  recommended  in  case  of  isolated  arthritis  with  reducible  hindfoot
malalignment.
Level of  evidence:  Level  IV.  Retrospective  study.
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he  prevalence  of  inﬂammatory  rheumatism  in  the  gen-
ral  population  is  0.5%;  clinical  hindfoot  involvement  is
ariable  [1].  The  reference  treatment  for  symptomatic  hind-
oot  inﬂammatory  arthritis  is  arthrodesis  [2].  Indications  for
urgery  are  rare  in  everyday  practice;  there  have  therefore
een  few  dedicated  reports  [3—6], and  hindfoot  arthrodesis
eries  most  often  include  both  inﬂammatory  rheumatism  and
ther  etiologies  [7—9]. Impact  on  adjacent  joints  remains
ncertain.
The  present  continuous  single-center  retrospective  study
ought  to  assess  the  long-term  impact  of  hindfoot  arthrode-
is  in  inﬂammatory  rheumatism.
aterial and methods
he  series  included  96  patients.  The  inclusion  criterion
as  hindfoot  arthrodesis  for  inﬂammatory  rheumatism.
he  inclusion  period  was  January  1996  to  December
009.  Arthrodeses  in  a  previously  operated  hindfoot  were
xcluded.  Patients  were  identiﬁed  retrospectively  from
atabases.
One  hundred  and  seven  hindfoot  arthrodeses  were  per-
ormed  in  the  96  patients:  54  talonavicular,  39  double
arthrodesis  of  all  3  hindfoot  joints)  and  14  talocalcaneal
rthrodeses.  Mean  age  at  surgery  was  53  years  (±12.4),  with
8  women  and  18  men.  A  percentage  of  50.5  of  the  feet
perated  on  were  right  and  49.5%  left.  Ninety-six  percent
f  cases  (92  patients)  concerned  rheumatoid  arthritis  and
%  spondylarthritis  (four  patients).
Doubles  arthrodesis  was  performed  in  diffuse  arthritic
indfoot  joint  lesions  or  ﬁxed  hindfoot  deformity.  Talonav-
cular  arthrodesis  was  performed  in  isolated  talonavicular
oint  lesions  with  well-aligned  hindfoot  or  reducible
alalignment.  Talocalcaneal  arthrodesis  was  performed  in
solated  talocalcaneal  joint  lesion.
All  data  collection  and  assessment  was  performed  by
 single  investigator,  independent  of  the  surgeon  con-
erned.  Satisfaction  was  assessed  on  a  self-administered
uestionnaire,  as  very  satisﬁed,  satisﬁed,  neither  satis-
ed  nor  dissatisﬁed,  or  dissatisﬁed;  patients  responding
‘very  satisﬁed’’  or  ‘‘satisﬁed’’  were  grouped  together  as
‘satisﬁed’’.  Pain  was  assessed  on  a  10-point  visual  analog
cale.  Functional  assessment  was  based  on  the  AOFAS  (Amer-
can  Orthopaedic  Foot  and  Ankle  Society)  score,  assessing
he  ankle  and  hindfoot  on  100  points  [10]. In  talonavicular
nd  talocalcaneal  arthrodesis,  the  range  of  motion  of  the
on-operated  hindfoot  joints  was  qualitatively  assessed  on
linical  examination,  as  normal,  stiff  or  ﬁxed.
Radiographic  assessment  at  follow-up  comprised  AP
nd  lateral  weight-bearing  views  and  a  Méary  view  [11].
o
a
arights  reserved.
reoperative  and  follow-up  radiographs  were  compared  for
jian-Annonier  angle  [12], calcaneal  slope  [12], Méary-
oméno  angle  [12], talocalcaneal  divergence  angle  [13]  and
jian-Annonier  trapeze  [12]. In  the  Djian-Annonier  trapeze,
 ‘‘hindfoot  divergence  angle’’  was  assessed,  as  the  angle
ubtended  by  the  line  between  the  middle  of  the  talar  dome
nd  the  middle  of  the  weight-bearing  region,  and  was  con-
idered  normal  for  7  ±  1◦ of  valgus,  and  improved  when
t  approximated  normal  values;  positive  values  exceeding
◦ corresponded  to  hindfoot  valgus,  and  negative  values
r  values  less  than  6◦ corresponded  to  hindfoot  varus.
heumatism-related  joint  damage  was  assessed  on  the  0—5
oint  Larsen  score  [14].
Scores  were  compared  by  comparison  of  means  tests
Student  or  Wilcoxon,  according  to  the  distribution)  for
uantitative  variables  and  Chi2 (or  Fisher  exact  test,  as
equired)  for  qualitative  variables.  Correlations  between
ontinuous  variables  were  assessed  by  Spearman  rank  cor-
elation  coefﬁcient  with  95%  conﬁdence  interval,  calculated
y  Fisher  transformation.  The  signiﬁcance  threshold  was  set
t  5%  in  all  cases.  Statistical  analysis  was  performed,  with
he  help  of  the  Medical  Information  Department  of  Montpel-
ier  University  Hospital,  using  SAS,  version  9,  software  (SAS
nstitute,  Cary,  N.C.).
esults
f  the  96  patients,  12  (14  feet)  were  lost  to  follow-up  and
 (9  feet)  died;  76  (78.5%)  (84  feet)  were  followed  up,  for  a
ean  7  years  (±3.9).  Mean  diagnosis-to-surgery  interval  was
5.7  years  (±9.1),  without  signiﬁcant  difference  according
o  type  of  arthrodesis.
omplications
wenty-four  complications  were  found,  in  20  patients
Table  1).  Non-union  was  the  most  frequent  (50%  of
omplications,  and  14%  of  cases),  and  was  signiﬁcantly  more
requent  in  talonavicular  arthrodesis  (nine  out  of  42,  or
1%;  P  =  0.039)  than  in  double  arthrodesis  (three  out  of  31,
r  10%).  The  ﬁve  cases  of  symptomatic  non-union  (out  of
2  cases  of  non-union)  all  involved  the  talonavicular  joint;
he  talocalcaneal  joint  was  never  involved,  whatever  the
ype  of  arthrodesis.  All  the  cases  of  symptomatic  non-union
equired  surgical  revision  of  the  osteosynthesis  with  autol-
gous  corticocancellous  graft,  achieving  arthrodesis-site
onsolidation  in  all  cases.  Three  talonavicular  arthrodeses
equired  surgical  revision  for  reasons  other  than  non-union:
ne  case  of  sepsis,  treated  by  secondary  panarthrodesis;
nd  two  of  persistent  hindfoot  joint  pain,  treated  by  double
rthrodesis.
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Table  1  Complications  rates.
Complications  Number  %  of  complications  %  of  total  population  (84  feet)
Non-union  12  50  14.3
Symptomatic  5  20.8  5.9
Asymptomatic  7  29.1  8.3
CRPS 3  12.5  3.6
Neuroma 3  12.5  3.6
Phlebitis 2  8.3  2.4
Delayed healing 2  8.3  2.4
Sepsis 2 8.3  2.4
Total 24
F
a
F
M
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ECRPS: complex regional pain syndrome.
Secondary  surgery  was  performed  on  17  of  the  84  feet  fol-
lowed  up,  including  ankle  surgery  in  14  cases  (82%)  (Table  2).
In  the  talonavicular  group,  ﬁve  ankles  (11%)  required  revi-
sion  surgery,  and  7  (22.5%)  in  the  double  arthrodesis  group;
this  difference  was  not  statistically  signiﬁcant.  The  mean
interval  between  primary  hindfoot  surgery  and  secondary
ankle  surgery  was  4  ±  3.4  years  in  the  talonavicular  group
and  1.6  ±  1.45  years  in  the  double  arthrodesis  group;  again,
this  difference  was  not  statistically  signiﬁcant  (NS).
Clinical  results
At  follow-up,  91%  of  patients  were  satisﬁed  with  their  sur-
gical  treatment:  84%  in  the  talonavicular  group  and  92%  in
the  double  arthrodesis  group  (NS);  the  satisfaction  rate  in
talocalcaneal  arthrodesis  was  100%.  At  end  of  follow-up,
64%  of  the  operated  feet  were  pain-free.  Ten  out  of  the  42-
talonavicular  arthrodeses  (24%)  showed  residually  impaired
talocalcaneal  range  of  motion,  including  two  cases  of  asymp-
tomatic  non-union  of  the  talonavicular  arthrodesis.
Table  2  Secondary  surgery  rates  according  to  initial
procedure.
Initial  arthrodesis Secondary  procedure  Number
Talonavicular Double  +  naviculocuneiform
arthrodesis
2
Naviculocuneiform
arthrodesis
1
TAR  2
Ankle  arthrodesis  1
Panarthrodesis  2
Double TAR  3
Ankle  arthrodesis  4
Talocalcaneal  TAR  2
Total  17
TAR: total ankle replacement.
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pigure  1  Patient  satisfaction  according  to  AOFAS  item  scores
nd type  of  procedure.
unctional  results
ean  AOFAS  score  was  71.7  ±  19.7.  Intermediate  scores
id  not  signiﬁcantly  differ  according  to  type  of  surgery.
veryday  activity  showed  little  or  no  limitation  in  70%  of
atients.  ‘‘Pain’’  and  ‘‘Function’’  item  scores  were  sig-
iﬁcantly  higher  (i.e.,  improved)  (P  <  0.05)  in  the  group
f  satisﬁed  patients  (Fig.  1).  ‘‘Alignment’’  item  scores
howed  no  correlation  with  satisfaction,  whatever  the  type
f  surgery.
adiological  results
able  3  presents  the  results  for  Djian-Annonier  angle,  Méary-
oméno  angle,  calcaneal  slope,  talocalcaneal  divergence
ngle  and  hindfoot  deviation  angle,  according  to  type  of
urgery.  Mean  preoperative  Djian-Annonier  angle  in  the  dou-
le  arthrodesis  group  was  signiﬁcantly  greater  than  in  the
alonavicular  arthrodesis  group  (135  ±  14◦ versus  129  ±  12◦;
 <  0.05)  (Table  3).  At  follow-up,  the  angle  was  identical
n  both  groups:  i.e.,  Djian-Annonier  angle  was  signiﬁcantly
mproved  by  double  arthrodesis  (P  <  0.001).  In  the  talocal-
aneal  arthrodesis  group,  30%  of  patients  showed  hindfoot
arus  preoperatively,  and  27%  at  follow-up;  36%  showed
jian-Annonier  angle  ≤  120◦,  and  54%  at  follow-up.  In
alonavicular  arthrodesis,  the  hindfoot  deviation  angle  at
ollow-up  was  normal  in  48%  of  cases,  either  in  that  a  normal
reoperative  angle  had  been  conserved  or  in  that  surgery
S88  M.A.  Munoz  et  al.
Table  3  Preoperative  and  follow-up  radiographic  values  according  to  type  of  procedure.
Talonavicular  arthrodesis  Double  arthrodesis  Talocalcaneal  arthrodesis  Mean
Djian-Annonier  angle
Preoperative  129  (±12)  135  (±14)  121  (±11)  131  (±13)
Follow-up 129  (±12)  129  (±13)  121  (±11)  128  (±12)
Méary-Toméno  angle
Preoperative  −7.0  (±10.3)  −9.1  (±14.8)  3.2  (±10.2)  −6.7  (±12.9)
Follow-up −5.9  (±11.0)  −5.1  (±11.0)  5.6  (±8.2)  −4.1  (±11.0)
Calcaneal slope
Preoperative 20.2 (±6.8)  17.9 (±6.3)  20.1 (±6.1)  19.2  (±6.6)
Follow-up 17.2 (±7.8) 14.4 (±6.6)  19.2 (±8.3)  16.5 (±7.6)
Talocalcaneal  divergence  angle
Preoperative  24.9  (±6.1)  25.4  (±8.3)  21.9  (±5.2)  24.7  (±7.1)
Follow-up 21.3  (±4.5)  20.5  (±2.9)  20.6  (±4.4)  21.0  (±4.0)
Hindfoot deviation  angle
Preoperative  8.8  (±7.5)  9.1  (±9.8)  5.5  (±5.6)  8.4  (±11.1)
Follow-up 8.1  (±6.5)  9.0  (±7.5)  5.0  (±7.1)  8.02  (±10.5)
h
r
o
b
n
i
s
s
g
s
n
t
o
t
(
h
R
D
H
n
t
t
f
w
j
s
p
t
p
d
p
p
a
t
a
i
t
t
c
r
a
c
r
k
f
t
s
t
b
t
m
a
c
2
u
a
‘
i
a
c
s
s
sad  achieved  correction;  if  cases  of  partial  hindfoot  cor-
ection  are  included,  the  improvement  rate  was  72%:  28%
f  feet  showed  improved  hindfoot  deviation  angles.  In  dou-
le  arthrodesis,  41%  of  cases  showed  conserved  or  corrected
ormal  hindfoot  deviation  angle  at  follow-up,  with  a  58%
mprovement  rate  including  partial  corrections:  42%  of  feet
howed  improved  hindfoot  deviation  angles.
Preoperative  and  follow-up  Larsen  ankle  scores  did  not
igniﬁcantly  differ  in  any  of  the  three  surgical  procedure
roups.  Mean  preoperative  Larsen  score  in  ankles  requiring
urgical  revision  was  1.28  ±  1.12,  versus  1.27  ±  1.22  in  those
ot  requiring  surgical  revision  (NS).
Correlation  at  follow-up  between  hindfoot  position  in
erms  of  hindfoot  deviation  angle  and  joint  damage  in  terms
f  Larsen  score  was  analyzed.  In  talonavicular  arthrodesis,
he  correlation  coefﬁcient  with  Larsen  score  was  R  =  0.65
P  =  0.001)  for  hindfoot  valgus,  and  R  =  0.51  (P  =  0.06)  for
indfoot  varus;  in  double  arthrodesis,  the  coefﬁcients  were
 =  0.22  (P  =  0.46)  and  R  =  0.39  (P  =  0.24),  respectively.
iscussion
indfoot  arthrodesis  in  inﬂammatory  rheumatism  has  a  non-
egligible  impact  on  neighboring  joints.  This  is  especially
rue  of  the  ankle  joint,  where  functional  impact  depends  on
he  type  of  arthrodesis.
All  three  types  of  arthrodesis  provided  subjective  and
unctional  satisfaction.  The  most  frequent  complication
as  non-union,  which  mainly  involved  the  talonavicular
oint  and  was  symptomatic  in  less  than  50%  of  cases.  Only
ymptomatic  non-union  required  surgical  revision,  which
rovided  consolidation  in  all  cases.  In  the  present  series,
here  were  no  cases  of  talocalcaneal  non-union.Selective  arthrodesis  is  generally  seen  as  an  ‘‘early’’
rocedure  [15]. In  the  present  series,  however,  the
iagnosis-to-surgery  interval  was  comparable  in  the  three
rocedural  groups:  selective  arthrodesis  thud  did  not
i
a
i
srevent  double  arthrodesis,  but  rather  was  associated  with
 different  pattern  of  hindfoot  evolution.
The  study  provided  a  radiological  description  of  the  three
ypes  of  arthrodesis  at  follow-up.  Radiographically,  talon-
vicular  arthrodesis  showed  no  change  with  surgery;  the
nternal  arch  remained  slightly  broken.  In  28%  of  cases,
here  was  some  malalignment  of  the  hindfoot  with  respect  to
he  preoperative  ﬁndings;  the  exact  origin  of  this  deformity
ould  not  be  determined,  as  no  immediate  postoperative  X-
ay  views  were  taken.  Twenty-four  percent  of  talonavicular
rthrodeses  showed  talocalcaneal  mobility;  this  abnormal
onservation  of  mobility  may  be  inherent  to  inﬂammatory
heumatism  and  the  capsule  distension  associated  with  this
ind  of  pathology.  No  arthrodeses  required  surgical  revision
or  hindfoot  malalignment;  the  present  results  suggest  that
he  postoperative  mobility  and  malalignment  were  not  a
ign  of  failure  or  a  risk-factor  for  surgical  revision  of  the
alonavicular  arthrodesis.
Double  arthrodesis  corrected  the  plantar  footprint,
y  correcting  the  Djian-Annonier  angle  and  reducing
alocalcaneal  divergence,  but  did  not  reduce  hindfoot
alalignment.  Preoperatively,  ankle  status  in  the  double
rthrodesis  group  was  not  worse  than  in  the  other  two  pro-
edural  groups;  nevertheless,  the  surgical  revision  rate  was
2.5%  in  double  arthrodesis,  compared  to  11%  in  talonavic-
lar  arthrodesis.  This  secondary  surgery  was  required  for
 deterioration  in  ankle  status  that  could  be  said  to  be
‘pathological’’  in  the  rapidity  of  its  evolution:  the  mean
nterval  between  primary  hindfoot  surgery  and  secondary
nkle  surgery  was  1.6  ±  1.43  years  in  double  arthrodesis,
ompared  to  4  ±  3.4  years  in  talonavicular  arthrodesis,  and
eemed  very  short  in  view  of  the  mean  hindfoot  diagnosis-to-
urgery  interval  of  15  years.  Taken  together,  these  ﬁndings
uggest  that  double  arthrodesis  leads  to  early  deterioration
n  ankle  status.  A  correlation  between  ankle  deterioration
nd  hindfoot  malalignment  was  found  for  valgus  deviation
n  the  talonavicular  group,  but  not  in  the  double  arthrode-
is  group,  where  hindfoot  malalignment  and  ankle  status
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seemed  to  evolve  independently.  Talocalcaneal  arthrodesis
showed  a  trend  for  preoperative  pes  cavus,  and  the  same
aspect  persisted  postoperatively;  this  ﬁnding  has  not  been
reported  elsewhere  in  the  literature.
The  present  study  involved  a  limitation  in  radiological
assessment:  the  preoperative  assessment  was  not  available
in  every  case.  On  the  other  hand,  the  number  of  arthrodeses
(n  =  107)  and  the  excellent  rate  of  follow-up  (78.5%)  repre-
sent  strong  points.
The  satisfaction  rate  (91%)  was  comparable  to  litera-
ture  reports,  which  range  from  85  to  100%  [3,4,8,15—18].
The  mean  AOFAS  was  also  in  agreement  with  the  literature
[15,17].  The  symptomatic  non-union  rate  was  6%,  in  agree-
ment  with  other  reports  (3  to  18%)  [4,7,19].  In  the  present
series,  talocalcaneal  arthrodesis  was  systematically  free  of
non-union,  in  contrast  to  other  series  reporting  rates  of  5  to
7%  [4,20].
According  to  Steinhauser  [21], followed  by  Elbar  et  al.
[19],  talonavicular  arthrodesis  induces  an  ‘‘arthrodesis-
like’’  effect  on  the  talocalcaneal  joint  [19,21].  In  a series
of  50  talonavicular  arthrodeses,  Asencio  et  al.  [7]  reported
one  case  of  talonavicular  arthrodesis  with  persistent  partial
talocalcaneal  mobility,  in  an  inﬂammatory  foot  with  talonav-
icular  non-union.  Other  authors  [22]  suspected  talocalcaneal
micromobility  as  being  implicated  in  residual  hindfoot  pain.
Some  authors,  describing  overall  hindfoot  arthritic
pathology,  report  concomitant  ankle  involvement  [23,24];
this  was  not  found  in  the  present  series.  In  the  literature,  the
rate  of  ankle  arthropathy  secondary  to  hindfoot  arthrodesis
ranges  from  2  to  39%  [3,6,9,16,17,25,26]. Rammelt  et  al.
[26]  reported  a  rate  of  30%  neighboring  joint  degeneration
following  talonavicular  arthrodesis,  without,  however,  spec-
ifying  rates  per  joint.  In  inﬂammatory  rheumatism,  Mäenpää
et  al.  [6]  and  Figgie  et  al.  [16]  reported  respectively  2%
and  8%  rates  of  secondary  ankle  surgery  following  double
arthrodesis;  both  implicated  hindfoot  malalignment.  The
clinical  hypothesis  of  secondary  ankle  deterioration  follow-
ing  double  arthrodesis  is  in  agreement  with  Suckel  et  al.’s
cadaver  studies  [27], which  found  signiﬁcantly  less  pres-
sure  on  the  ankle  following  talonavicular  as  compared  to
double  arthrodesis,  with  signiﬁcantly  more  even  pressure
distribution.  Could  this  difference  in  pressure  distribution
account  for  the  more  rapid  deterioration  in  ankle  status?
And,  if  so,  how  may  this  be  avoided?  The  present  study
failed  to  identify  predictive  factors  for  rapid  ankle  dete-
rioration;  a  prospective  study  would  be  needed  to  assess
precisely  the  chronology  of  ankle  deterioration  following
double  arthrodesis,  but  would  be  difﬁcult  to  set  up,  due
to  the  sample-size  required  to  achieve  statistical  power.
In  conclusion,  there  are  two  distinct  forms  of  inﬂamma-
tory  hindfoot:  painful  hindfoot  with  isolated  arthritis,  and
malaligned  hindfoot  with  diffuse  arthritic  involvement.  Dou-
ble  arthrodesis  achieves  better  architectural  restoration,
but  with  a  greater  risk  of  ankle  deterioration.  Preventive
double  arthrodesis  is  not  to  be  recommended  in  isolated
arthritis  of  the  foot  with  reducible  hindfoot  malalignment.Disclosure of interest
The  authors  declare  that  they  have  no  conﬂicts  of  interest
concerning  this  article.
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